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Description 

The present invention relates to a method of pro- 
ducing sustained-release microcapsules containing a 
biologically active substance adapted to release said 
biologically active substance at a constant rate over a 
protracted time starting immediately following adminis- 
tration without an initial burst. 

BACKGROUND OF THE INVENTION 

The technology of producing sustained-release 
microcapsules from a W/O emulsion utilizing a biode- 
gradable polymer is described in, inter alia. JP-A57- 
118512 and JP-A57-1 50609. 

However, a method of producing sustained-release 
microcapsules containing a biologically active sub- 
stance which comprises heating microcapsules at a 
temperature not lower than the glass transition temper- 
ature of the biodegradable polymer but not so high as to 
cause aggregation of the microcapsules has not been 
described in the references noted above. 

Any sustained-release microcapsule having a bio- 
degradable polymer shell preferably minimizes the initial 
burst release of the active ingredient to particularly pro- 
tect against overdosing within one day following admin- 
istration, and yet adapted to release the active 
ingredient at a calculated rate over a protracted time 
period. However, the sustained release- microcapsules 
heretofore available have the drawback of an initial burst 
within the day of administration and are, therefore, not 
fully satisfactory. 

WO89/04673 identifies a disadvantage of relying 
on a coating for the delayed release property of a dos- 
age form, in that any inadvertent puncture of the coating 
or division of the tablet critically affects the coating 
integrity which affects the delayed release of the active 
ingredient from a tablet. This patent overcomes this 
problem by providing a method for preparing a sus- 
tained release dosage or delivery form comprising 
blending a dosage amount of a functionally active ingre- 
dient, an excipiertt and a polymer having a glass transi- 
tion temperature of about 30°C to about 150°C into a 
feed formulation, said polymer being present in suffi- 
cient quantity to form a matrix containing the function- 
ally active ingredient, processing at least part of the 
feed formulation into a shaped form, and maintaining 
the shaped form at or above the glass transition temper- 
ature of the polymer for a sufficient time to provide a 
dosage form having controlled, sustained release of the 
functionally active ingredient when the dosage form is 
administered. 

EP-A-0 442 671 provides a method for preparing 
microcapusles designed for sustained release of physi- 
ologically active peptides, which involves preparing a 
water-in-oil emulsion comprising an inner aqueous 
phase of the polypeptides and an oil phase containing a 
copolymer or homopolymer having a weight average 



molecular weight of 7,000 to 30,000 in which the ratio of 
lactic acid to glycolic acid is 80/20 to 100/0. 

UK patent no. 2 246 514 provides a method of pro- 
ducing microbaJIs comprising a polymer and an active 
5 ingredient which are dry processed without the use of 
any solvent. 

SUMMARY OF THE INVENTION 

io 1) According to the present invention, there is pro- 
vided: 

1) A method of producing sustained-release 
microcapsules for use as an injectable prepare- 
rs tion containing a biologically active substance 

from an W/O emulsion comprising an inner 
aqueous phase containing said biologically 
active substance and an external oil phase 
containing a biodegradable polymer character- 

20 ized in that said biologically active ingredient is 

a peptide and wherein said microcapusles 
formed on microencapsulation of said biologi- 
cally active substance with said biodegradable 
polymer are heated at a temperature not lower 

25 than the glass transition temperature of said 

biodegradable polymer but up to a temperature 
40°C higher than the glass transition tempera- 
ture of the biodegradable polymer. 

2) Sustained-release microcapsules containing 
30 a biologically active peptide which is producible 

by heating microcapsules formed on microen- 
capsulation of said biologically active sub- 
stance with a biodegradable polymer at a 
temperature not lower than the glass transition 
35 temperature of said biodegradable polymer but 

not so high as to cause aggregation of the 
microcapsules. 

DETAILED DESCRIPTION OF THE INVENTION 

40 

The biologically active substance used in the 
present invention is not specifically limited and includes 
any biologically active peptide. 

The biologically active substance to be used in the 

45 invention are biologically active peptides. The peptides 
are preferably those having a molecular weight of 200 to 
80,000. Examples of the peptides include luteinizing 
hormone releasing hormone (LH-RH) and its deriva- 
tives having like properties, for example the peptides, 

so inclusive of salts thereof, which can be represented by 
the following formula (I) 

(Pyr)Glu-R 1 -Trp-Ser-R 2 -R3-R 4 -Arg-Pro-R5 (I) 

55 [wherein represents His, Tyr, Trp or p-NH 2 -Phe; R 2 
represents Tyr or Phe; R 3 represents Gly or a D-amino 
acid reside; R 4 represents Leu, He or Nle; R 5 represents 
Gly-NH-Re (where Re represents H or a lower alkyl 
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group optionally having a hydroxy! group) or NH-R 6 
(where R 6 is as defined above)] [USP 3,853,837, USP 
4,008,209. USP 3,972,859, British Patent 1,423.083, 
Proceedings of the National Academy of Sciences of 
the United States of America 78, 6509-6512 (1981)]. 

Referring to the above formula (I), the D-amino acid 
residue R 3 may, for example, be an a- D-amino acid res- 
idue containing up to 9 carbon atoms (e.g. D-Leu. He, 
Nle, Val, Nval, Abu, Phe, Phg, Ser, Thr, Met, Ala, Trp 
and a-Aibu). These amino acid residues may have been 
properly protected (with e.g. t-butyl. t-butoxy, t-butoxy- 
carbonyJ, etc.). Of course, various acid satts (e.g. car- 
bonates, hydrogen carbonates, acetates, propionates, 
etc.) and metal complex compounds (e.g. copper com- 
plex compounds, zinc complex compounds, etc.) of 
peptides of general formula (I) can likewise be used. 

Where any amino acid or protective group is indi- 
cated by an abbreviation in the description of peptides 
of general formula (I) or those mentioned hereinafter in 
this specification, the rules of IUPAC-IUB Commission 
on Biochemical Nomenclature are followed. Further- 
more, when any amino acid may occur as optical iso- 
mers, the L-compound is meant unless otherwise 
specified. 

As a representative peptide of general formula (I), 
there may be mentioned the peptide wherein R 1 = His, 
R2 88 Tyr, R 3 = D-Leu, R 4 = Leu, R 5 = NHCH 2 -CH 3 (the 
acetate of this peptide has the generic name of teu- 
prorelin acetate and will hereinafter be referred to 
sometimes as TAP-144). 

Other examples of biologically active peptides 
include LH-RH antagonists (cf. US Patent No. 
4.086.219. No. 4,124,577, No. 4,253.997 and No. 
4,317,815). 

Further, other examples of biologically active pep- 
tides include insulin, somatostatin, somatostatin deriva- 
tives (cf. US Patent No. 4.087.390, No. 4.093,574, No. 
4,100,117, No. 4,253,998, etc.). growth hormone, prol- 
actin, adrenocorticotropic hormone (ACTH), melano- 
cyte stimulating hormone (MSH), thyrotropin releasing 
hormone [structural formula (Pyr)Glu-His-ProNH 2 ; 
briefly TRH] their salts and derivatives (cf. JP-A50- 
121273 and JP-A52-1 16465), thyroid stimulating hor- 
mone (TSH), luteinizing hormone (LH), follicle stimulat- 
ing hormone (FSH), vasopressin and its derivatives {cf. 
Desmopressin [Folia Endocrinologica Japonica, 54:(5), 
676-691 (1978)}, oxytocin, calcitonin, parathyroid hor- 
mone, glucagon, gastrin, secretin, pancreozymin, 
cholecystokinin, angiotensin, human placental lac- 
togen, human chorionic gonadotropin (HCG), 
enkepharin and its derivatives (cf. USP No. 4,277,394, 
EP-A No. 31567), endorphin, kyotorphin, interferons 
(e.g. a, p, y, etc), interleukins (e.g. I. II, III, etc.), tuftsin, 
thymopoietin, thymosin, thymosthymulin, thymic 
humoral factor (THF), facteur thymique serique (FTS) 
and its derivatives (cf. USP No. 4,229.438), other thymic 
factors [Advances in Medicine, 125 : (10), 835-843 
(1983)], tumor necrosis factor (TNF), colony stimulating 



factor (CSF), motilin, dynorphin, bombesin, neuro- 
tensin, caeruiein, bradykinin, urokinase, asparaginase, 
kallikrein, substance P, nerve growth factor, cell growth 
factor, neurotrophic factor, blood coagulation factors VIII 

5 and IX, lysozyme chloride, polymixin B, cholistin, grami- 
cidin, bacitracin, erythropoietin (EPO), peptides having 
endotheiin antagonizing activity (cf. EP-A No. 436189, 
No. 457195 and No. 496452. JP-A3-94692 and JP-A3- 
130299) and the like. 

10 Since an initial burst often occurs with water-soluble 
species of the above-mentioned drugs, the present 
invention is more advantageously applied to water-solu- 
ble drugs. The water-solubility of the drug is defined by 
an oil-water partition coefficient between water and n- 

15 octanoi. The invention is more desirably applied to a 
drug with an n-octanol/water solubility ratio of not more 
than 1 and still more desirably to a drug with said ratio 
of not more than 0.1. 

The oil-water partition coefficient can be deter- 

20 mined by the method described in Jitsuzaburo Same- 
jima: Buturi Kagaku Jikkenho (Experimental 
Methodology in Physics and Chemistry). Mokabo, 1961 . 
Thus, a test tube is first filled with n -octanoi and buffer 
(pH 5.5) (1:1). The buffer which can be used includes 

25 Sorensen buffer [Ergeb. Physiol. 12, 393 (1912)], Clark- 
Lubs buffer [J. Bact. 2, (1), 109, 191 (1917)], Macllvaine 
buffer [J. Biol. Chem. 4& 183 (1921)], Michaelis buffer 
[Die Wasser-stoffionenkonzentration, p. 186 (1914)], 
Kolthoff buffer [Biochem Z.. 179, 410 (1926)] and the 

30 like. The tube is then filled with an appropriate amount 
of the drug, stoppered, and allowed to stand in a con- 
stant-temperature bath (25°C) with intensive shaking 
from time to time. When the drug has dissolved in the 
two liquid phases and an equilibrium established, the 

35 liquid is allowed to stand or centrifuged and an aliquot of 
the solution is withdrawn from each layer and analyzed 
to determine the drug concentration in the layer. Then, 
the concentration ratio of the drug in the n-octanol layer 
to that in the water layer is calculated to find the oil- 

40 water partition coefficient. 

The drug may be as it is or in the form of a pharma- 
cologically acceptable salt thereof (for example, when 
the drug has a basic group such as amino, salts with 
inorganic acids such as hydrochloric acid, sulfuric acid 

45 and nitric acid, salts with organic acids such as carbonic 
acid and succinic acid; when the drug has an acidic 
group such as carboxy. salts with alkali metals such as 
sodium and potassium, salts with organic bases such 
as organic amines, e.g. triethylamine, and salts with 

so basic amino acids such as arginine, etc.) 

The proper amount of the biologically active sub- 
stance is dependent on the type of substance, desired 
pharmacologic effect, duration of action and the like but 
is generally within the range of about 0.001% to about 

55 90% (w/w) and preferably about 0.01% to about 80% 
(w/w) based on the shell component biodegradable pol- 
ymer. 

The biodegradable polymer that can be used in the 
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present invention is not limited in kind only if it is spar- 
ingly soluble or insoluble in water, biocompatible and 
degradable in the recipient body. The term 'sparingly 
soluble' as used here means a solubility of not more 
than about 3% (w/v) in water. 

The biodegradable polymer which can be used 
include polymers the weight average molecular weights 
of which are in the range of 3,000 to 30,000, preferably 
5,000 to 25,000, and more preferably 5,000 to 20,000. 
The dispersity of the biodegradable polymer may range 
from 1 .2 to 4.0 and preferably from 1 .5 to 3.5. 

It should be understood that the weight average 
molecular weight values and the polymer dispersity val- 
ues mentioned in this specification were determined by 
gel permeation chromatography (GPC). 

The proper amount of said biodegradable polymer 
is dependent on the strength of pharmacologic activity 
of the biologically active substance used and the 
desired rate and duration of release of the same sub- 
stance. As an example, the biodegradable polymer is 
used as the microcapsule shell in a proportion of 0.5 to 
10,000 parts by weight, preferably 1 to 100 parts by 
weight, per part by weight of the biologically active sub- 
stance. 

The preferred biodegradable polymer includes, 
among others, aliphatic polyesters [e.g. homopolymers 
(e.g. polylactic acid) or copolymers (e.g. lactic acid/gly- 
colic acid copolymer, 2-hydroxybutyric acid/glycolic 
copolymer) of a-hydroxy acids (e.g. glycolic acid, lactic 
acid, 2-hydroxybutyric acid, 2-hydroxyvaleric acid, 2- 
hydroxy-3-methylbutyric acid, 2-hydroxycaproic acid, 2- 
hydroxyisocaproic acid, 2-hydroxycaprylic acid, etc.), 
cyclic dimers of a-hydroxy acids (e.g. glycolide. lactide, 
etc.), hydroxydicarboxylic acids (e.g. malic acid), 
hydroxytricarboxylic acids (e.g. citric acid), etc., mix- 
tures of such homopolymers and/or copolymers (e.g. a 
mixture of polylactic acid and 2-hydroxybutyric acid-gly- 
colic acid copolymer)], poly-a-cyanoacrylic esters, 
polyamino acids (e.g. poly-y-benzyl-L-glutamic acid, 
poly-L-alanine, poly-y-methyl-L-glutamic acid, etc.), 
maleic anhydride copolymers (e.g. styrene-maleic acid 
copolymer) and the like. Preferred, among these, are 
aliphatic polyesters and poly-a-cyanoacrylic esters. The 
most preferred are aliphatic polyesters. 

Further preferred, among such aliphatic polyesters, 
are the homopolymers and copolymers of a-hydroxy 
acids or cyclic dimers of a-hydroxy acids and the mix- 
tures of such homopolymers and/or copolymers. The 
still more preferred are homopolymers or copolymers of 
a-hydroxy acids, and mixtures of the homopolymers 
and/or copolymers. 

Where any of said a-hydroxy acids, cyclic dimers of 
a-hydroxy acids, hydroxycarboxylic acids and hydrox- 
ytricarboxylic acids has an optical activity center within 
its molecule, any of its D-, L- and DL-forms can be 
employed. 

The aliphatic polyester can be easily prepared by 
the known production technology (cf. JP-A61 -28521). 



The mode of polymerization may be random, block or 
graft. 

The weight average molecular weight of said 
aliphatic polyester is preferably 3,000 to 30,000, more 
5 preferably 5.000 to 25,000. and most preferably 5,000 to 
20,000. The dispersity of the aliphatic polyester may 
range preferably from 1.2 to 4.0 and most preferably 
from 1.5 to 3.5. 

When the aliphatic polyester is a lactic acid-glycolic 
10 acid copolymer, its copolymerization ratio is preferably 
100/0 through 50/50 (by weight). When a 2-hydroxybu- 
tyric acid-glycolic acid copolymer is used, its copolymer- 
ization ratio is preferably 100/0 through 25/75 (by 
weight). 

15 The weight average molecular weight of said lactic 
acid homopoiymer, lactic acid-glycolic copolymer or 2- 
hydroxybutyric acid-glycolic acid copolymer is prefera- 
bly 3,000 to 30,000. most preferably 5,000 to 20,000. 
When a mixture of lactic acid homopoiymer (A) and 

20 glycolic acid-2-hydroxybutyric acid copolymer (B) is 
used as the aliphatic polyester, the (A)/(B) blend ratio is 
generally 10/90 through 90/10 (by weight) and prefera- 
bly 25/75 through 75/25 (by weight). 

The weight average molecular weight of lactic acid 

25 homopoiymer is preferably 3,000 to 30.000. most pref- 
erably 5,000 to 20.000. 

The glycolic acid-2-hydroxybutyric acid copolymer 
is preferably a copolymer consisting of 40 to 70 mole % 
of glycolic acid and the balance of 2-hydroxybutyric 

30 acid. The weight average molecular weight of glycolic 
acid-2-hydroxybutyric acid copolymer is preferably 
5.000 to 25.000. most preferably 5,000 to 20,000. 

Regarding the procedures for producing sustained- 
release microcapsules containing a biologically active 

35 substance from a W/O emulsion comprising an inner 
aqueous phase containing the biologically active sub- 
stance and an external oil phase containing a biode- 
gradable polymer in accordance with the present 
invention, there can be employed any of the known 

40 microencapsulation procedures for biologically active 
substances, such as the drying-in- water method, coac- 
ervation method, spray-drying method, and equivalents 
thereof. 

By way of illustration, the biologically active sub- 
45 stance is dissolved in water, to begin with, at the final 
concentration mentioned above, followed, if necessary, 
by the dissolution or suspension of a drug retaining sub- 
stance such as gelatin, agar, alginic acid, polyvinyl alco- 
hol, a basic amino acid or the like to provide an inner 
so aqueous phase. 

The inner aqueous phase may further contain a pH 
control agent for insuring the stability and solubility of 
the biologically active substance. The pH control agent 
includes carbonic acid, acetic acid, oxalic acid, citric 
55 acid, phosphoric acid, hydrochloric acid, sodium 
hydroxide, and arginine and lysine as well as salts 
thereof. The inner aqueous phase may also contain a 
stabilizer for the biologically active peptide, such as 
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albumin, gelatin, citric acid, sodium ethyl en ediamine- 
tetraacetate, dextrin, sodium hydrosutfite, polyols such 
as polyethylene glycol, etc., and/or a preservative such 
as the conventional p-hydroxybenzoic esters (e.g. meth- 
ylparaben, propylparaben, etc.), benzyl alcohol, chlo- 
robutanol. thimerosal and so on. 

The inner aqueous phase prepared in the above 
manner is poured into said external (oil) phase contain- 
ing a biodegradable polymer and the mixture is emulsi- 
fied to provide a W/O emulsion. This emulsrf ication step 
can be carried out by any of the conventional dispersing 
procedures such as intermittent agitation, mixing with a 
propeller or turbine mixer, colloid mill process, homoge- 
nizer process or sonication process. 

The above-mentioned biodegradable polymer-con- 
taining solution (external oil phase) is a solution of the 
polymer in an organic solvent. The solvent may be any 
solvent that boils at a temperature not exceeding 1 20°C 
and is immiscible with water and capable of dissolving 
the biodegradable polymer. It can, thus, be selected 
from among halogenated hydrocarbons (e.g. dichlo- 
romethane, chloroform, chloroethanol, dichlorometh- 
ane, trichloro ethane, carbon tetrachloride, etc.), fatty 
acid esters (e.g. ethyl acetate, butyl acetate, etc.), 
ethers (e.g. ethyl ether, isopropyl ether, etc.), aromatic 
hydrocarbons (e.g. benzene, toluene, xylene, etc.) and 
so on. If necessary, two or more different solvents, 
among them, can be used in an appropriate ratio. 

The resulting W/O emulsion is then subjected to 
microencapsulation. 

For the production of microcapsules from the above 
W/O emulsion by the drying-in- water method, the W/O 
emulsion is further added to a third aqueous phase to 
prepare a ternary W/O/W emulsion and the solvent in 
the oil phase is then evaporated to provide the desired 
microcapsules. 

An emulsif ier may be added to the above external 
aqueous phase. The emulsifier may generally be any 
substance that is able to form a stable O/W emulsion. 
Thus, anionic surfactants (e.g. sodium oieate, sodium 
stearate, sodium lauryl sulfate, etc.). nonionic sur- 
factants (e.g. polyoxyethylene sorbitan fatty acid esters 
[Tween 80 and Tween 60, Atlas Powder], polyoxyethyl- 
ene-castor oil derivatives [HCO-60 & HCO-50, Nikko 
Chemicals], etc., polyvinylpyrrolidone, polyvinyl alcohol, 
carboxymethylcellulose, lecithin, gelatin, etc. can be 
mentioned. These emulsifiers can be used alone or in 
combination. The concentration of the emulsifier can be 
selected within the range of 0.01% to 20%. preferably 
0.05% to 10%. 

Evaporation of the solvent from the oil phase can be 
carried out by any conventional procedure. Thus, while 
the system is constantly agitated using a propeller mixer 
or a magnetic stirrer, the solvent may be evaporated at 
atmospheric pressure or under gradually decreasing 
pressure or using a rotary evaporator or the like with the 
degree of vacuum being controlled as required. 

The microcapsules thus formed are collected by 



centrifugation or filtration, rinsed with distilled water sev- 
eral times to remove the excess biologically active pep- 
tide, carrier and emulsifier from the surfaces, then 
redispersed in distilled water or the like and freeze- 

5 dried. To prevent aggregation during the washing proce- 
dure, an antiaggregation agent [for example, water-sol- 
uble polysaccharides such as mannitol. lactose, 
glucose, starch (e.g. corn starch), etc., amino acids 
such as glycine, alanine, etc., proteins such as gelatin, 

10 fforin, collagen, etc. and inorganic salts such as sodium 
chloride, sodium bromide, potassium carbonate, etc.] 
may be added. The antiaggregation agent is most pref- 
erably mannitol. If necessary, the microcapsules are 
warmed under reduced pressure to further remove the 

is internal water and organic solvent. 

For the production of microcapsules by the coacer- 
vation method, a coacervating agent is gradually added 
to said W/O emulsion with stirring to cause separation 
and solidification of the high polymer. 

20 The coacervating agent is a polymeric substance or 
a mineral oil- or vegetable oil-based compound, which is 
miscible with the solvent for the shell component biode- 
gradable polymer but does not dissolve the biodegrada- 
ble polymer. Thus, for example, silicone oil, sesame oil, 

25 soybean oil, corn oil, cottonseed oil, coconut oil. linseed 
oil, mineral oil, n-hexane, n-heptane, etc. can be men- 
tioned. If desired, these coacervating agents can be 
used in combination. 

The resulting microcapsules are collected by filtra- 

30 tion and washed repeatedly with heptane or the like to 
remove the coacervating agent. Then, in the same man- 
ner as in the drying-in-water method, the excess biolog- 
ically active substance and solvent are removed. 

For the production of microcapsules by the spray 

35 drying method, said W/O emulsion is sprayed from the 
nozzle into the drying chamber of a spray drier so that 
the organic solvent and water within the finely divided 
liquid droplets may be evaporated in a brief period of 
time to provide fine microcapsules. The nozzle men- 

40 tioned above may for example be a two-fluid nozzle, 
pressure delivery nozzle, rotary disk nozzle or the like. 
It is also an effective procedure, if necessary for pre- 
venting aggregation of microcapsules, to spray an 
aqueous solution of said antiaggregation agent from 

45 another nozzle concurrently with the spray of said W/O 
emulsion. 

The resulting microcapsules may be warmed under 
reduced pressure, if necessary, to remove water and 
the solvent from within the microcapsules. 

so An antiaggregation agent [for example, water-solu- 
ble polysaccharides such as mannitol, lactose, glucose, 
starch (e.g. corn starch), etc., amino acids such as gly- 
cine, alanine, etc., proteins such as gelatin, fibrin, colla- 
gen, etc. and inorganic salts such as sodium chloride, 

55 sodium bromide, potassium carbonate, etc. and so on] 
may be added to the microcapsules formed on microen- 
capsulation of a biologically active substance with a bio- 
degradable polymer in the present invention The 
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antiaggregation agent is most preferably mannrtol. 

The particle size of the microcapsules of the inven- 
tion is dependent on the desired rate of delayed release. 
When the product is intended for injection, the particle 
size should satisfy the dispersibility and needle passage s 
requirements. Thus, the mean particle diameter may 
range from 1 to 300 *im and preferably from 5 to 150 
p/n. 

The microcapsules thus obtained are heated to a 
temperature not lower than the glass transition temper- 10 
ature of the shell component biodegradable polymer 
and not so high as to cause aggregation of the micro- 
capsules. The term 'glass transition temperature' as 
used herein means the mid-point of the glass transition 
temperature (Tmg) found with a differential scanning is 
calorimeter (DSC) when a sample is heated at a rate of 
10 or 20°C/minute. 

As regards the timing of heat treatment, it is prefer- 
able that heating be carried out immediately following a 
drying stage if such a stage is included in the capsule 20 
manufacturing process but this is not an exclusive 
choice. Thus, the heat treatment can be carried out at 
any time, for example even after withdrawal of the 
microcapsules from the microencapsulation line. 

If the heating temperature is below the glass transi- 25 
tion temperature of the shell component biodegradable 
polymer, the effect of inhibiting the initial burst of the bio- 
logically active substance will not be obtained. Con- 
versely, if the temperature is too high, the risk of 
aggregation and deformation of microcapsules and 30 
decomposition or degradation of the biologically active 
substance will be increased. The heating temperature 
cannot be specified in general terms but can be deter- 
mined in consideration of the physical properties (e.g. 
molecular weight, stability, etc.) of the shell component 35 
biodegradable polymer, species of biologically active 
substance, particle diameter of microcapsules, heating 
time, degree of desiccation of microcapsules and heat- 
ing procedure. 

As a preferred procedure, the microcapsules are 40 
heated at a temperature not below the glass transition 
temperature of the shell component biodegradable pol- 
ymer and not so high as to cause aggregation of the 
microcapsules. For still better results, the microcap- 
sules are heated at a temperature 5°C higher than the as 
glass transition temperature of the biodegradable poly- 
mer and not so high as to cause said aggregation. Most 
preferably, the microcapsules are heated at a tempera- 
ture 10°C higher than the glass transition temperature 
and not so high as to cause aggregation. so 

To be specific, the heating temperature is preferably 
selected from the range from 5° to 40°C higher than the 
glass transition temperature of the shell component bio- 
degradable polymer. More preferably, the heating tem- 
perature is selected from the range from 5° to 30°C ss 
higher than the glass transition temperature of the shell 
component biodegradable polymer. The heating tem- 
perature is most preferably selected from the range 



from 10° to 30°C higher than the glass transition tem- 
perature of the biodegradable polymer. 

The heating time is also dependent on the heating 
temperature and the batch size of microcapsules, 
among other factors. Generally speaking, however, the 
heating time preferably does not exceed 2 weeks, more 
preferably is 24 hours or less, after the microcapsules 
themselves have reached the specified temperature. 

The heating method is not critical but any proce- 
dure conducive to a uniform heating of microcapsules 
can be employed. 

As specific examples of such procedure, there may 
be mentioned heating in a constant-temperature bath, a 
fluidized bed, a moving bed or a kiln, and microwave 
heating. The most preferred, of them, is heating in a 
constant-temperature bath. 

The microcapsules produced by the method of the 
invention has a low toxicological potential and can be 
used safely. 

The microcapsules produced by the method of the 
invention can be administered to the living body in the 
form of fine granules as produced but can be molded 
into a variety of dosage forms for administration. They 
can also be used as a starting material for the manufac- 
ture of such pharmaceutical preparations. Among the 
pharmaceutical preparations mentioned 

above are injectable preparations, oral preparations 
(such as powders, granules, capsules, tablets, etc.), 
nasal preparations, suppositories (e.g. rectal and vagi- 
nal suppositories) and so on. The proper amount of the 
biologically active substance to be incorporated in such 
a pharmaceutical preparation varies with the species of 
physiologically active substance, dosage form, disease 
to be treated, etc. but is usually 0.001 mg to 5 g, prefer- 
ably 0.01 mg to 2 g. per unit dosage form. 

These pharmaceutical preparations can be manu- 
factured by the established pharmaceutical technology. 

For example, the microcapsules prepared by the 
method of the invention can be formulated with a dis- 
persing agent [e.g. Tween 80, HCO-60 (Nikko Chemi- 
cals), carboxymethylcellulose, sodium alginate, etc.], a 
preservative (e.g. methylparaben, propylparaben, ben- 
zyl alcohol, chlorobutanol, etc.), an isotonizing agent 
(e.g. sodium chloride, glycerin, sorbitol, glucose, etc.) to 
provide an aqueous suspension or with a vegetable oil 
such as olive oil, sesame oil, peanut oil, cottonseed oil, 
corn oil, propylene glycol or the like to provide an oil 
suspension for use as an injectable preparation. 

Furthermore, the sustained release injectable prep- 
aration of said microcapsules may be redispersed with 
a suspending agent, such as an excipient (e.g. manni- 
tol, sorbitol, lactose, glucose, etc.), and freeze-dried or 
spray-dried. The resulting solid preparation can be 
extemporaneously dispersed with distilled water for 
injection or a suitable dispersion medium to provide a 
further stabilized sustained release injection. 

For the manufacture of pharmaceutical prepara- 
tions for oral administration, the microcapsules pre- 
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pared by the method of the invention are formulated 
with an excipient (e.g. lactose, sucrose, starch, etc.). a 
disintegrator (e.g. starch, calcium carbonate, etc.), a 
binder (e.g. starch, gum arabic, carboxymethytcellulose, 
polyvinylpyrrolidone, hydroxypropylcellulose, etc.) s 
and/or a lubricant (e.g. talc, magnesium stearate, poly- 
ethylene glycol 6000, etc.) and the resulting composi- 
tion is compression-molded in the per se conventional 
manner. Where necessary, for masking the taste or 
insuring release in the intestine or an extended duration w 
of action, the moldings can be coated in the per se 
known manner to provide a desired oral preparation. 
The coating agent which can be used for this purpose 
includes, among others, hydroxypropylmethylcellulose. 
ethylcellulose. hydroxymethylcellulose. hydroxypropyl- 75 
cellulose, polyoxy ethylene glycol. Tween 80, Pluronic 
F68. cellulose acetate phthalate, hydroxypropylmethyl- 
cellulose phthalate, hydroxymethylcellulose acetate 
succinate, Eudragit (Rhom. Germany; rnethacrylic acid- 
acrylic acid copolymer), etc. and pigments such as tita- 2 o 
nium dioxide and red iron oxide. 

For the manufacture of pharmaceutical prepara- 
tions for nasal administration, the microcapsules pre- 
pared by the method of the invention can be processed 
in the per se known manner to provide a solid, semisolid 25 
or liquid preparation. Taking a solid preparation as an 
example, the microcapsules, either as they are or as for- 
mulated with an excipient (e.g. glucose, mannitol. 
starch, microcrystalline cellulose, etc.). a thickener (e.g. 
natural gums, cellulose derivatives, acrylic polymers. 30 
etc.), can be provided as a powdery composition. The 
liquid preparation can be manufactured in the form of an 
oily or aqueous suspension in substantially the same 
manner as the injectable preparation mentioned above. 
The semisolid preparation is preferably an aqueous or 35 
oleaginous gel or ointment. These preparations may 
invariably contain a pH control agent (e.g. carbonic acid, 
phosphoric acid, citric acid, hydrochloric acid, sodium 
hydroxide) and a preservative (e.g. p-hydroxybenzoic 
esters, chlorobutanol, benzalkonium chloride). 40 

For the manufacture of suppositories, for instance, 
the microcapsules prepared by the method of the inven- 
tion can be processed in the per se known manner to 
provide an oil-based or water-based solid, semisolid or 
liquid preparation. The oleaginous base which can be 45 
used for this purpose is one which does not dissolve the 
microcapsules and thus includes higher fatty acid trig- 
lycerides [e.g. cacao butter, witepsols (Dynamit Nobel)], 
intermediate fatty acids [e.g. Miglyols (Dynamit Nobel)], 
and vegetable oils (e.g. sesame oil, soybean oil, cotton- so 
seed oil). The aqueous base includes polyethylene gly- 
col, propylene glycol, etc.. while the aqueous gel base 
includes natural gums, cellulose derivatives, vinyl poly- 
mers, acrylic polymers and so on. 

The microcapsules produced by the method of the ss 
present invention are preferably used as an injectable 
preparation. 

The proper dosage of the microcapsules produced 



by the method of the present invention is dependent on 
the species and content of biologically active sub- 
stance, dosage form, scheduled duration of drug 
release, recipient animal species (e.g. mouse, rat, 
horse, cattle, man and other warm-blooded mammals) 
and objective of administration. All that is necessary is 
that the effective dose of the active substance is con- 
tained. For administration to an adult human (body 
weight 50 kg), the unit dosage of the microcapsules can 
be selected from the range of 1 mg to 10 g, preferably 
10 mg to 2 g. The dosing volume of the injectable prep- 
aration mentioned above can be selected from the 
range of 0.1 ml to 5 ml, preferably 0.5 ml to 3 ml. 

The biodegradable polymer for use as the shell 
component of microcapsules can be produced by the 
methods described in JP-A50-17525. JP-A56-45920. 
JP-A57-1 18512. JP-A57-150609. JP-A61 -28521, JP- 
A62-54760, EP-A 481732, or any equivalent thereof. 

The following reference and working examples are 
further descriptive of the present invention. In the follow- 
ing description Tmg means the mid-point of the glass 
transition temperature described above. 

Reference Example 1 

A 1000 ml four-necked flask equipped with a nitro- 
gen inlet tube and condensor was charged with 495.4 g 
of a 90% (w/w) aqueous solution of D.L-lactic acid and 
the charge was heated in a nitrogen gas stream under 
reduced pressure from 90°C/400 mmHg to 150°C/30 
mmHg over a period of 5 hours, with the distillate water 
being constantly removed. The reaction mixture was 
further heated under reduced pressure at 665-931 Pa 
(5-7 mmHg)/150-175°C for 65 hours, after which it was 
cooled to provide an amber-colored polylactic acid. 

This polymer was dissolved in 1000 ml of dichlo- 
rom ethane and the solution was poured in warm water 
at 60° C with stirring. The resulting pasty polymeric pre- 
cipitate was collected and dried in vacuo at 30°C. 

The peak molecular weight value of the above lactic 
acid polymer as determined by GPC was 16.000 and 
the Tmg value of the same polymer in DSC was 40°C. 

Reference Example 2 

A 1000 ml four-necked flask equipped with a nitro- 
gen inlet tube and condensor was charged with 247.7 g 
of a 90% (wto) aqueous solution of D.L-lactic acid and 
190.2 g of glycolic acid and the charge was heated in a 
nitrogen gas stream under reduced pressure from 
90°C/{500 mmHg) 66500 Pa to 150°C/(30 mmHg) 3390 
Pa for a period of 5 hours, with the distillate water being 
constantly removed. The reaction mixture was further 
heated under reduced pressure at 665-931 Pa (5-7 
mmHg)/150-180°C for 28 hours, after which it was 
cooled to provide an amber-colored lactic acid-glycolic 
acid copolymer, [lactic acid/glycoic accid: 50/50 
(mole/mole %)] 
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This copolymer was dissolved in 1000 ml of dichlo- 
romethane and the solution was poured in warm water 
at 60°C with stirring. The resulting pasty polymeric pre- 
cipitate was collected and dried in vacuo at 30°C. 

The peak molecular weight value of the above tactic s 
acid-glycolic acid copolymer as determined by GPC 
was 12,000 and the Tmg value of the same copolymer 
in DSC was 36°C. 

Reference Example 3 10 

A 1000 ml four-necked flask equipped with a nitro- 
gen inlet tube and condensor was charged with 1 45.8 g 
of D,L-2-hydroxybutyric acid and 177.7 g of glycolic acid 
and the charge was heated in a nitrogen gas stream 15 
under reduced pressure from 100°C/(500 mmHg) 
66500 Pa to 150°C/(30 mmHg) 3990 Pa for a period of 
3.5 hours, with the distillate water being constantly 
removed. The reaction mixture was further heated 
under reduced pressure at 665-931 Pa (5-7 20 
mmHg)/150-180°C for 27 hours, after which it was 
cooled to provide an amber-colored 2-hydroxybutyric 
acid-glycolic acid copolymer. [2-hydroxybutyric acid/gly- 
colic acid: 37.5/62.5 (mole/mole %)] 

This copolymer was dissolved in 1000 ml of dichlo- 25 
romethane and the solution was poured in warm water 
at 60°C with stirring. The resulting pasty polymeric pre- 
cipitate was collected and dried in vacuo at 25°C. 

The peak molecular weight value of the above 2- 
hydroxybutyric acid-glycolic acid copolymer as deter- 30 
mined by GPC was 14,000 and the Tmg value of the 
same copolymer in DSC was 26°C. 

Reference Example 4 

35 

A 1000 ml four-necked flask equipped with a nitro- 
gen inlet tube and condensor was charged with 300 g of 
a 90% (w/w) aqueous solution of D,L-lactic acid and 1 00 
g of a 90% (w/w) aqueous solution of L-tactic acid and 
the charge was heated in a nitrogen gas stream under 40 
reduced pressure from 100°C/(500 mmHg) 66500 Pa to 
150°C/(30 mmHg) 3990 Pa for a period of 4 hours, with 
the distillate water being constantly removed. The reac- 
tion mixture was further heated under reduced pressure 
at 665-931 Pa (5-7 mmHg)/150-180°C for 24 hours, 45 
after which it was cooled to provide an amber-colored 
polylactic acid. 

This polymer was dissolved in 1000 ml of dichlo- 
romethane and the solution was poured in warm water 
at 60°C with stirring. The resulting pasty polymeric pre- so 
cipitate was collected and dried in vacuo at 30°C. 

The peak molecular weight value of the above poly- 
lactic acid as determined by GPC was 7,000 and the 
Tmg value of the same copolymer in DSC was 33°C. 

55 

Reference Example 5 

In 0.5 ml of distilled water was dissolved leuprorelin 



acetate (TAP- 144) and the solution was added to a solu- 
tion of polylactic acid (4.0 g), obtained in Reference 
Example 1, in 7.5 ml of dichloromethane. The mixture 
was homogenized on a compact homogenizer for 60 
seconds to provide a W/O emulsion. After cooling to 
17°C, this emulsion was poured in 1000 ml of 0.1% 
(w/v) aqueous polyvinyl alcohol and the mixture was 
homogenized using a turbine homomixer to provide a 
W/O/W emulsion. This W/O/W emulsion was stirred at 
room temperature to evaporate the dichloromethane 
and, thereby, solidify the internal W/O emulsion, after 
which the microcapsules were collected by centrifuga- 
tion. These microcapsules were redispersed in distilled 
water and further centrifuged to wash off the excess 
drug and other reagents. To the recovered microcap- 
sules was added 0.3 g of D-mannitol and the mixture 
was freeze-dried to provide a powdery lyophilizate. 

Reference Example 6 

The microcapsules obtained as a powder in Refer- 
ence Example 5 were heated in a constant-temperature 
bath at 90°C, viz. a temperature 50°C higher than Tmg 
of the shell component polylactic acid, for 2 hours. An 
attempt was then made to subject the microcapsules to 
an in vitro release test in the manner described in 
Example 1 which appears hereinafter. However, the 
microcapsules had been fused together so that they 
could not be dispersed in phosphate buffer at pH 7.0. 

Reference Example 7 

In 0.4 ml of distilled water was dissolved 400 mg of 
leuprorelin acetate (TAP-144) and the solution was 
added to a solution of tactic acid-glycolic acid copolymer 
[lactic acid/glycolic acid: 50/50 (mole/mole %)] (4.0 g), 
prepared in Reference Example 2, in 5.0 ml of dichlo- 
romethane. The mixture was homogenized on a com- 
pact homogenizer for 60 seconds to provide a W/O 
emulsion. Using this emulsion, microcapsules were pre- 
pared as in Reference Example 5. 

Reference Example 9 

In 0.2 ml of distilled water was dissolved 500 mg of 
thyroid hormone releasing hormone (TRH) and the 
solution was added to a solution of lactic acid-glycolic 
acid copolymer [lactic actd/glycdic acid: 50/50 
(mole/mole %)] (4.5 g), prepared in Reference Example 
2, in 4.7 ml of dichloromethane. The mixture was 
homogenized on a compact homogenizer for 60 sec- 
onds to provide a W/O emulsion. Using this emulsion, 
microcapsules were prepared as in Reference Example 
5. 

Reference Example 9 

In 0.4 ml of distilled water was dissolved 400 mg of 
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leuprolerin acetate (TAP -144) and the solution was 
added to a 1 :1 (w/w) solution of 2-hydroxybutyric acid- 
glycolic acid copolymer, obtained in Reference Example 

3. and polylactic acid, obtained in Reference Example 

4, in 5.0 ml of dichloromethane. The mixture was 
homogenized on a compact homogenizer for 60 sec- 
onds to provide a W/O emulsion. Using this emulsion, 
microcapsules were prepared as in Reference Example 
5. 

Example 1 

The microcapsules obtained as a powder in Refer- 
ence Example 5 were heated in a constant-temperature 
bath at 45°C, viz. a temperature 5°C higher than Tmg of 
the shell component polylactic acid, for 2 weeks. The 
resulting microcapsules were subjected to an in vitro 
release test in phosphate buffer (pH 7.0) at 37°C and 
120 cycles/minute. The drug release rate found after 
one day is shown in Table 1 . 

Example g 

The microcapsules obtained as a powder in Refer- 
ence Example 5 were heated in a constant-temperature 
bath at 60°C, viz. a temperature 20°C higher than Tmg 
of the shell component polylactic acid, for 4 hours. The 
resulting microcapsules were subjected to an in vitro 
release test as in Example 1 . The one-day drug release 
rate thus found is shown in Table 1 . 



(Table 1] 



One-day drug release rate 


(%) 


Example 1 


13.2 ±0.4 


Example 2 


6.0 ± 0.2 



Example 3 

The microcapsules obtained as a powder in Refer- 
ence Example 7 were heated in a constant-temperature 
bath at 56°C, viz. a temperature 20°C higher than Tmg 
of the shell component lactic acid-glycolic acid copoly- 
mer, for 1 hour. The resulting microcapsules were sub- 
jected to an in vitro release test as in Example 1. The 
one-day drug release rate thus found is shown in Table 
2. 

Example 4 

The microcapsules obtained as a powder in Refer- 
ence Example 7 were heated in a constant-temperature 
bath at 56°C, viz. a temperature 20°C higher than Tmg 
of the shell component lactic acid-glycolic acid copoly- 
mer, for 5 hours. The resulting microcapsules were sub- 



jected to an in vitro release test as in Example 1 . The 
one-day drug release rate thus found is shown in Table 
2. 



Fable 2] 



One-day drug release rate 


(%) 


Example 3 


12.7±0.4 


Example 4 


7.8 ±0.6 



Example 5 

15 

The microcapsules obtained as a powder in Refer- 
ence Example 8 were heated in a constant-temperature 
bath at 56°C, viz. a temperature 20°C higher than Tmg 
of the shell component lactic acid-glycolic acid copoly- 
20 mer, for 4 hours. The resulting microcapsules were sub- 
jected to an in vitro release test as in Example 1 . The 
one-day drug release rate thus found is shown in Table 
3. Further the drug release rate in the case of no heat- 
treatment is shown as a control. 

25 



[Table 3] 



One-day drug release rate 


(%) 


Control 


9.0 ±0.4 


Example 5 


4.9 ±0.1 



35 Example 6 

The microcapsules obtained as a powder in Refer- 
ence Example 9 were heat-treated in a constant tem- 
perature bath at 55° C, viz. a temperature 24° C higher 
40 than Tmg (31°C) of a 1 :1 (w/w) mixture of 2-hydroxybu- 
tyric acid-glycolic acid copolymer, for 8 hours and, then, 
subjected to an in vitro release test under the same con- 
ditions as described in Example 1. The one-day drug 
release rate thus found is shown in Table 4. 

45 

Example 7 

The microcapsules obtained as a powder in Refer- 
ence Example 9 were heat-treated in a constant tem- 

so perature bath at 50°C, a temperature 19°C higher than 
Tmg (31°C) of a 1:1 (w/w) mixture of 2-hydroxybutyric 
acid-glycolic acid copolymer for 1 week and, then, sub- 
jected to an jn vitro release test under the same condi- 
tions as described in Example 1. The one-day drug 

55 release rate thus found is shown in Table 4. 
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Fable 4] 



One-day drug release rate 




(%) 


5 


Example 6 


5.7 ±0.2 




Example 7 


6.2 ±0.1 





Example 8 

The microcapsules obtained in Example 1 were 
administered subcutaneously to rats (n=5) and the 
residual amount of the drug was determined. The one- 
day release rate thus found is shown in Table 5. 



[Table 5] 

One-day drug release rate 
(%) 



Example 8 J 12.1 ±0.5 



Example 9 



In 0.5 ml of distilled water were dissolved interferon 
a (IFN-a) (60mg) and human serum albumin (200 mg). 
The resulting solution was added to a solution of lactic 
actd-glycolic acid copolymer [lactic acid/glycolic acid: 
50/50 (mole/mole %). weight average molecular weight: 
6.400, Tmg in DSC: 30°C, Wako] (1.74 g) in 2.0 ml of 
dichloromethane. The mixture was homogenized on a 
compact homogenizer for 20 seconds to provide a W/O 
emulsion. Microcapsules were prepared in the same 
manner described in Reference Example 5 except that 
D-mann'rtol was not added. After addition of 87 mg of D- 
mannitol to the microcapsules (75 mg), the mixture 
(microcapsules and D-mannitol) was heated at 50°C, 
viz. a temperature 20°C higher than Tmg of the shell 
component lactic acid-glycolic acid copolymer, for 16 
hours. The microcapsules thus obtained were adminis- 
tered subcutaneously to rats (n=4) and the blood-level 
of IFN-a 1 hour after administration is shown in Table 6. 
The blood-level of IFN-a in the case of no heat-treat- 
ment is shown as a control. Injected amounts of micro- 
capsules were 10mg in each case. 



(Table 6) 

Blood-level of IFN-a 1 "hour 
after administration (lU/ml) 

Control " I "l"oVl ±209 



Example 9 



307 ± 85 
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of very useful sustained release microcapsules adapted 
to release a biologically active substance at a calculated 
rate over a protracted time period starting immediately 
following administration without an initial burst within 
one day following administration. 

Claims 

1. A method of producing sustained-release micro- 
capsules for use as an injectable preparation con- 
taining a biologically active substance from an W/O 
emulsion comprising an inner aqueous phase con- 
taining said biologically active substance and an 
external oil phase containing a biodegradable poly- 
mer characterized in that said biologically active 
ingredient is a peptide and wherein said microcapu- 
sles formed on microencapsulation of said biologi- 
cally active substance with said biodegradable 
polymer are heated at a temperature not lower than 
the glass transition temperature of said biodegrad- 
able polymer but up to a temperature 40°C higher 
than the glass transition temperature of the biode- 
gradable polymer. 



25 2. The method according to claim 1 wherein the pep- 
tide has a molecular weight of 200 to 80,000. 

3. The method according to claim 1 wherein the bio- 
logically active substance is luteinizing hormone 

30 releasing hormone or its derivatives. 

4. The method according to claim 1 wherein the bio- 
degradable polymer is an aliphatic polyester. 

35 5. The method according to claim 4 wherein the 
aliphatic polyester is a homopolymer or copolymer 
of a-hydroxy acids, or a mixture of the homopoly- 
mer and/or copolymer. 

40 6. The method according to claim 4 wherein the 
weight average molecular weight of the aliphatic 
ester is 3,000 to 30.000. 



45 
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The method of the invention enables the production 



7. The method according to claim 4 wherein the dis- 
persity of the aliphatic ester is 1 .2 to 4.0. 

8. The method according to claim 1 wherein the 
microcapsules are heated at a temperature of 5 to 
40°C higher than the glass transition temperature of 
the biodegradable polymer. 

9. The method according to claim 1 wherein the mean 
particle diameter ranges from 1 to 300 jim. 

10. The method according to claim 1 wherein heating is 
carried out after an antiaggregation agent is added 
to the microcapsules formed on microencapsula- 
tion. 
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11. A method according to any of claims 1 to 10 
wherein the biologically active substance is a pep- 
tide of formula (Pyr)Glu-His-Trp-Ser-Tyr-D-Leu- 
Leu-Arg-Pro-NHCH 2 -CH 3 or the acetate salt 
thereof. 5 

1 2. A method according to claim 1 1 wherein said biode- 
gradable polymer is selected from a homopolymer 
of polylactic acid and a copolymer of lactic acid/gly- 
colic acid. io 

13. A method according to any of claims 1 to 12 
wherein the microcapsules are heated at a temper- 
ature of 5 to 30°C higher than the glass transition 
temperature of the biodegradable polymer. 75 

14. A method according to any of claims 1 to 13 
wherein said heating time does not exceed two 
weeks. 

20 

15. A method of producing sustained-release micro- 
capsules according to claim 1 wherein the biode- 
gradable polymer is selected from a homopolymer 
of polylactic acid and a copolymer of lactic acid/gly- 
colic acid, the biologically active substance is a 25 
peptide of formula (Pyr)Glu-His-Trp-Ser-Tyr-D-Leu- 
Leu-Arg-Pro-NHCH2-CH 3 or the acetate salt 
thereof, the microcapsules are heated at a temper- 
ature of 5 to 30°C higher than the glass transition 
temperature of the biodegradable polymer and the so 
heating time does not exceed two weeks. 

16. The method according to claim 1 , wherein the inner 
aqueous phase further contains gelatin. 

35 

17. Sustained-release microcapsules which comprise 
a biologically active peptide and a biodegradable 
polymer obtainable by a method wherein microcap- 
sules are formed on microencapsulation of said bio- 
logically active peptide in an inner aqueous phase 40 
and said biodegradable polymer in an external oil 
phase by evaporating the solvent in the oil phase 
and wherein said microcapsules thus formed are 
heated at a temperature not lower than the glass 
transition temperature of said biodegradable poly- 45 
mer but up to a temperature 40°C higher than the 
glass transition temperature of the biodegradable 
polymer and wherein said microcapsules do not 
include homogenous microballs which have been 
dry processed without the use of a solvent. so 

18. The sustained-release microcapsules containing a 
biologically active peptide according to claim 17 
wherein an antiaggregation agent is added to the 
microcapsules formed on microencapsulation. 55 

19. The sustained-release microcapsules according to 
claim 17 wherein gelatin is contained in the inner 



aqueous phase. 

20. The sustained-release microcapsules according to 
claim 17 wherein the biologically active peptide is 
luteinizing hormone releasing hormone or its deriv- 
atives. 

21. The sustained-release microcapsules according to 
claim 20 wherein the biologically active peptide is a 
peptide of formula (Pyr)Glu-His-Trp-Ser-Tyr-D-Leu- 
Leu-Arg-Pro-NHCH 2 -CH 3 or the acetate salt 
thereof. 

22. The sustained-release microcapsules according to 
claim 21 wherein the biodegradable polymer is lac- 
tic acid-glycotic acid of which its copolymerization 
ratio is 100/0 to 50/50. 

23. An injectable preparation comprising sustained- 
release microcapsules containing a biologically 
active peptide according to claim 1 7. 

24. The sustained-release microcapsules according to 
claim 21 wherein biodegradable polymer is lactic 
acid homopolymer in which its weight average 
molecular weight is 5,000 to 20,000. 

25. The sustained-release microcapsules according to 
claim 17 wherein the biologically active peptide is 
growth hormone, 

Patentanspruche 

1. Verfahren zur Herstellung von Mikrokapseln mit 
hinhaltender Freigabe zur Verwendung als eine, 
einen biofogischen Wirkstoff enthaltende, injizier- 
bare Zubereitung aus einer Wasser-in-Ol-Emul- 
sion, welche eine innere, den biologischen 
Wirkstoff enthaltende, wasserige Phase und eine 
auGere, ein bioabbaubares Polymer enthaltende 
Olphase umfaBt, dadurch gekennzeichnet, daft der 
biologische Wirkstoff ein Peptid ist und wobei die 
nach Mikroeinkapselung des biologischen Wirk- 
stoffs mit dem bioabbaubaren Polymer erhaltenen 
Mikrokapseln auf eine Temperatur, nicht geringer 
als die GiasQbergangstemperatur des bioabbauba- 
ren Polymers, jedoch bis zu einer Temperatur 40°C 
hoher als die GiasQbergangstemperatur des bioab- 
baubaren Polymers erwarmt werden. 

2. Verfahren nach Anspruch 1 , wobei das Peptid ein 
Molekulargewicht von 200 bis 80 000 aufweist 

3. Verfahren nach Anspruch 1 , wobei der biologische 
Wirkstoff ein tuteinisierendes Hormon treisetzen- 
des Hormon Oder dessen Derrvate ist 

4. Verfahren nach Anspruch 1 , wobei das bioabbau- 
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bare Polymer ein afiphatischer Polyester ist 

5. Verfahren nach Anspruch 4, wobei der aliphatische 
Polyester, ein Homopolymer oder Copolymer von 
a-Hydraxysauren oder ein Gemisch des Homopoly- 5 
mers und/oder Copolymers ist. 

6. Verfahren nach Anspruch 4, wobei das gewichts- 
mittlere Molekulargewicht des aliphatischen Esters 

3 000 bis 30 000 ist to 

7. Verfahren nach Anspruch 4, wobei die Dispersitat 
des aliphatischen Esters 1 ,2 bis 4,0 ist. 

8. Verfahren nach Anspruch 1 , wobei die Mikrokap- is 
seln auf eine Temperatur von 5 bis 40°C hdher als 

die Glasubergangstemperatur des bioabbaubaren 
Polymers erwarmt werden. 

9. Verfahren nach Anspruch 1, wobei der mittlere Teil- 20 
chendurchmesser im Bereich von 1 bis 300 \um 
liegt. 

10. Verfahren nach Anspruch 1, wobei Erwarmen aus- 
gefuhrt wird, nachdem ein Antiaggregationsmittel 25 
zu den nach Mikroeinkapselung gebildeten Mikro- 
kapseln gegeben worden ist. 

11. Verfahren nach einem der Anspruche 1 bis 10, 
wobei der biologische Wirkstoff ein Peptid der For- 30 
mel (Pyr)Glu-His-Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro- 
NHCH 2 -CH 3 oder ein Acetatsalz davon ist. 

12. Verfahren nach Anspruch 11, wobei das bioabbau- 
bare Polymer aus einem Homopolymer von Poly- 35 
milchsaure und einem Copolymer von 
Milchsaure/Glycolsaure ausgewahlt ist. 

13. Verfahren nach einem der Anspruche 1 bis 12, 
wobei die Mikrokapseln auf eine Temperatur von 5 40 
bis 30°C hoher als die Glasubergangstemperatur 
des bioabbaubaren Polymers erwarmt werden. 

14. Verfahren nach einem der Anspruche 1 bis 13, 
wobei die Erwarmungszeit zwei Wochen nicht uber- 45 
steigt. 

15. Verfahren zur Herstellung von Mikrokapseln mit 
hinhaltender Freigabe nach Anspruch 1, wobei das 
bioabbaubare Polymer ausgewahlt ist aus einem so 
Homopolymer von Polymilchsaure und einem Cop- 
olymer von Milchsaure/Glycolsaure, der biologi- 
sche Wirkstoff ein Peptid der Formel (Pyr)Glu-His- 
Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHCH 2 -CH 3 oder 
das Acetatsalz davon ist, die Mikrokapseln auf eine ss 
Temperatur von 5 bis 30°C hOher als die Glasuber- 
gangstemperatur des bioabbaubaren Polymers 
erwarmt werden und die Erwarmungszeit zwei 



Wochen nicht Qbersteigt. 

16. Verfahren nach Anspruch 1, wobei die innere was- 
serige Phase auGerdem Gelatine enthalt. 

17. Mikrokapseln mit hinhaltender Freigabe, umfas- 
send ein biologisch wirksames Peptid und ein bio- 
abbaubares Polymer, erhaftlich durch ein 
Verfahren, bei dem die Mikrokapseln nach Mikro- 
einkapselung des biologisch wirksamen Peptids in 
einer inneren wasserigen Phase und des bioabbau- 
baren Polymers in einer auBeren Olphase durch 
Verdampfen von LOsungsmittel in der Olphase 
gebitdet werden und wobei die so gebildeten Mikro- 
kapseln auf eine Temperatur von nicht weniger als 
die Glasubergangstemperatur des bioabbaubaren 
Polymers, jedoch bis zu einer Temperatur von 40°C 
hdher als die Glasubergangstemperatur des bioab- 
baubaren Polymers erwarmt werden und wobei die 
Mikrokapseln keine homogenen Mikrokugeln ein- 
schlieBen, die ohne Verwendung eines LOsungs- 
mittels trocken verarbertet wurden. 

18. Mikrokapseln mit hinhaltender Freigabe, die ein 
biologisch wirksames Peptid nach Anspruch 17 
enthalten, wobei ein Antiaggregationsmittel zu den 
nach Mikroeinkapselung gebildeten Mikrokapseln 
gegeben worden ist 

19. Mikrokapseln mit hinhaltender Freigabe nach 
Anspruch 1 7, wobei Gelatine in der inneren wasse- 
rigen Phase enthalten ist. 

20. Mikrokapseln mit hinhaltender Freigabe nach 
Anspruch 17, wobei das biologisch wirksame Pep- 
tid ein luteinisierendes Hormon freisetzendes Hor- 
mon oder dessen Derhvate ist. 

21. Mikrokapseln mit hinhaltender Freigabe nach 
Anspruch 20, wobei das biologisch wirksame Pep- 
tid ein Peptid der Formel (Pyr)Glu-His-Trp-Ser-Tyr- 
D-Leu-Leu-Arg-Pro-NHCH 2 -CH 3 oder das Acetat- 
salz davon ist. 

22. Mikrokapseln mit hinhaltender Freigabe nach 
Anspruch 21, wobei das bioabbaubare Polymer 
Milchsaure-Glycolsaure ist, dessen Copolymerisa- 
tionsverhaltnis 100/0 bis 50/50 ist 

23. Injizierbare Zubereitung, umfassend Mikrokapseln 
mit hinhaltender Freigabe, die ein biologisch wirk- 
sames Peptid nach Anspruch 17 enthalten. 

24. Mikrokapseln mit hinhaltender Freigabe nach 
Anspruch 21, wobei das bioabbaubare Polymer 
Milchsaurehomopolymer ist, wobei dessen 
gewichtsmittleres Molekulargewicht 5 000 bis 20 
000 ist 
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25. Mikrokapseln mlt hinhaltender Freigabe nach 
Anspruch 1 7, wobei das biologisch wirksame Pep- 
tid ein Wachstumshormon ist. 

Revendications 

1 . Procede de production de microcapsules a libera- 
tion prolongee, destinees a §tre utilisees commune 
preparation injectable contenant une substance 
biologiquement active, a partir d'une emulsion eau- 
dans-huile comprenant une phase aqueuse interne 
contenant ladite substance biologiquement active 
et une phase huileuse extern e contenant un poly- 
mere biodegradable, caracterise en ce que ledit 
ingredient biologiquement act'rf est un peptide, et 
dans lequel lesdites microcapsules, formees par 
microencapsulation de ladite substance biologique- 
ment active avec ledit polymere biodegradable, 
sont chauffees a une temperature qui n'est pas 
inferieure a la temperature de transition vitreuse 
dudit polymere biodegradable, mais qui n'est pas 
superieure de plus de 40 °C a la temperature de 
transition vitreuse de ce polymere biodegradable. 

2. Precede conforme a la revendication 1 , dans lequel 
la masse molaire du peptide vaut de 200 a 80 000. 

3. Precede conforme a la revendication 1 , dans lequel 
la substance biologiquement active est I'hormone 
de liberation de I'hormone luteinisante ou Tun de 
ses derives. 

4. Precede conforme a la revendication 1 , dans lequel 
le polymere biodegradable est un polyester alipha- 
tique. 

5. Precede conforme a la revendication 4, dans lequel 
le polyester aliphatique est un homopolymere ou un 
copolymere d'acide(s) alpha-hydroxyle(s), ou un 
melange de tels homopolymeres et/ou copolyme- 
res. 

6. Precede conforme a la revendication 4, dans lequel 
la masse molaire moyenne en poids du polyester 
aliphatique vaut de 3 000 a 30 000. 

7. Precede conforme a la revendication 4, dans lequel 
I'indice de polydispersite du polyester aliphatique 
vautde 1,2 a 4,0. 

8. Precede conforme a la revendication 1 , dans lequel 
les microcapsules sont chauffees a une tempera- 
ture superieure de 5 a 40 °C a la temperature de 
transition vitreuse du polymere biodegradable. 

9. Precede conforme a la revendication 1 , dans lequel 
le diametre moyen des particules vaut de 1 a 300 
jim. 



10. Precede conforme a la revendication 1 , dans lequel 
on effectue le chauffage apres avoir ajoute un 
agent anti-aggregation aux microcapsules formees 
par microencapsulation. 

5 

11. Precede conforme a Tune des revendications 1 a 
10, dans lequel la substance biologiquement active 
est un peptide de formule (Pyr)Glu-His-Trp-Ser-Tyr- 
D-Leu-Leu-Arg-Pro-NH-CH 2 -CH 3 ou son sel ace- 

w tate. 

12. Procede conforme a la revendication 11, dans 
lequel ledit polymere biodegradable est choisi 
parmi un homopolymere d'acide lactique et un 

is copolymere d'acide lactique et d'acide glycolique. 

13. Procede conforme a Tune des revendications 1 a 

12, dans lequel les microcapsules sont chauffees a 
une temperature superieure de 5 a 30 °C a la tern- 

20 perature de transition vitreuse du polymere biode- 
gradable. 

14. Procede conforme a Tune des revendications 1 a 

13, dans lequel la duree dudit chauffage ne 
25 depasse pas deux semaines. 

15. Procede de production de microcapsules a libera- 
tion prolonged, conforme a la revendication 1 , dans 
lequel le polymere biodegradable est choisi parmi 

30 un homopolymere d'acide lactique et un copoly- 
mere d'acide lactique et d'acide glycolique, la subs- 
tance biologiquement active est un peptide de 
formule (Pyr)Glu-His-Trp-Ser-Tyr-D-Leu-Leu-Arg- 
Pro-NH-CH 2 -CH 3 ou son sel acetate, les microcap- 

35 sules sont chauffees a une temperature superieure 
de 5 a 30 °C a la temperature de transition vitreuse 
du polymere biodegradable, et la duree du chauf- 
fage ne depasse pas deux semaines. 

40 1 6. Procede conforme a la revendication 1 , dans lequel 
la phase aqueuse interne contient en outre de la 
gelatine. 

17. Microcapsules a liberation prolongee, qui contien- 
45 nent un peptide biologiquement actif et un poly- 
mere biodegradable, et que I'on peut obtenir selon 
un procede dans lequel des microcapsules sont for- 
mees par microencapsulation dudit peptide biologi- 
quement actif, qui se trouve dans une phase 
so aqueuse interne, avec ledit polymere biodegrada- 
ble qui se trouve dans une phase huileuse externe, 
par evaporation du solvant de la phase huileuse, et 
dans lequel lesdites microcapsules ainsi formees 
sont chauffees a une temperature qui n'est pas 
55 inferieure a la temperature de transition vitreuse 
dudit polymere biodegradable, mais qui n'est pas 
superieure de plus de 40 °C a la temperature de 
transition vitreuse de ce polymere biodegradable, 
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lesdrtes microcapsules ne contenant pas de micro- 
bill es homogenes qui auraient ete traitees a sec 
sans recours a un solvant. 

18. Microcapsules a liberation prolongee contenant un s 
peptide biologiquement actif, conformes a la reven- 
dication 17, ou Ton ajoute un agent anti-aggrega- 
tion aux microcapsules formees par micro- 
encapsulation. 

10 

19. Microcapsules a liberation prolongee conformes a 
la revendication 17, ou la phase aqueuse interne 
contient de la gelatine. 

20. Microcapsules a liberation prolongee conformes a is 
la revendication 17, dans lesquelles le peptide bio- 
logiquement actif est rhormone de liberation de 
I'hormone luteinisante ou Tun des ses derives. 

21. Microcapsules a liberation prolongee conformes a 
la revendication 20, dans lesquelles le peptide bio- 
logiquement actif est un peptide de formule 
(Pyr)Glu-His-Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro-NH- 
CH 2 -CH 3 ou son sel acetate. 

22. Microcapsules a liberation prolongee conformes a 
la revendication 21, dans lesquelles le polymere 
biodegradable est un polymere (acide lacti- 
que)/(acide glycolique) dont le rapport de copoly- 
merisation vaut de 100/0 a 50/50. 

23. Preparation injectable qui comprend des microcap- 
sules a liberation prolongee contenant un peptide 
biologiquement actif, conformes a la revendication 

17. 35 

24. Microcapsules a liberation prolongee conformes a 
la revendication 21, dans lesquelles le polymere 
biodegradable est un homopolymere d'acide lacti- 
que dont la masse molaire moyenne en poids vaut 40 
de 5 000 a 20 000. 

25. Microcapsules a liberation prolongee conformes a 
la revendication 17, dans lesquelles le peptide bio- 
logiquement actif est une hormone de croissance. as 
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